Introduction {#Sec1}
============

A World Health Organization (WHO) \[[@CR1]\] alert in late March and early April 2009 was with regard to cases of human infection with a hemagglutinin (H1) and neuraminidase (N1) caused by a new H1N1 influenza virus (also known as swine flu, pig influenza, and hog flu) \[[@CR2]\]. These were first detected in Mexico, with subsequent cases occurring in many other countries, including Turkey \[[@CR3]--[@CR7]\]. In order to prevent a pandemic, a large proportion of the population needed to have acquired an immunity either through vaccination or naturally \[[@CR8]\]. After detection of the virus, vaccine manufacturers started developing a pandemic H1N1 vaccine. Global vaccinations inoculated against swine flu with the use of inactivated, without and with adjuvant, and live attenuated vaccines \[[@CR8]--[@CR11]\]. Health-care workers were among the first to be inoculated against swine flu in most countries, including Turkey. This was to control an epidemic that had been announced when vaccine producers started making delivery in autumn in the northern hemisphere \[[@CR1]\].

Some reports in the media and the internet indicated that health workers were unwilling to receive swine flu vaccinations. Occasionally, any vaccine can produce some general side-effects, such as redness, allergy, swelling, headache, muscle aches and pains, swelling at the site of the injection, and a mild rash and fever, the last being the most common side-effect, occurring in 5--15 % of recipients \[[@CR12], [@CR13]\]. An elevated temperature occurs in 25.8 % of the general population after any vaccination \[[@CR13]\].

Inactivated influenza vaccine can stimulate antibodies of the IgA and IgM class under the right circumstances and also lead to the production of IgG immunoglobulin in the blood depending to a great extent on their pre-vaccination levels \[[@CR14], [@CR15]\]. Increased fever, resultings in the synthesis of more HSPs, is also found with a variety of other environmental stressors (including vaccinations) \[[@CR16]--[@CR19]\]. Short-term cold and hot exposures also alters the synthesis of total plasma ghrelin concentrations in humans \[[@CR20]\]. Ghrelin blocks apoptosis signal-regulating kinase 1 activity via upregulations of HSP70 \[[@CR21]\] and ghrelin attenuates burn-induced dysfunctions \[[@CR22]\]. Ghrelin, discovered by Kojima et al. \[[@CR23]\], is present in two major forms in the tissues and circulation: one binds a fatty acid (octanoic acid; caprylic acid), and is called a lipopeptide (acylated) ghrelin; the other contains fatty acid, and is called desacylated ghrelin.

Owing to these properties, we hypothesized that ghrelins, HSP70, IgA, IgM, and IgG levels could change particularly in conditions such as a fever during immunization, in which circulating levels of the HSP70 and ghrelins are likely to be increased or reduced, respectively. The purpose of this study was to measure circulating levels of HSP70, acylated and desacylated ghrelins, IgA, IgM, and IgG in blood taken before vaccinations, on days 3 and 15, and after 1 and 2 months regardless of fever developing or not. This was to determine any association with clinical and biochemical parameters in health-care workers inoculated against swine flu.

Materials and methods {#Sec2}
=====================

Ethical approval from the Turkish Republic General Directorate of Drugs and Pharmaceuticals, Elazig Ethics Board Presidency was obtained (dated December, 09, 2009 and resolution number 05). The study involved registering 20 healthy health-care-workers volunteers who had declined vaccinations and 90 matched health-care-workers volunteers in the same age group (from 40.8 ± 4.5 to 40.9 ± 3.00) and with the same body mass index (BMI: from 23.7 ± 1.7 to 24.9 ± 2.5) (45 females and 45 males) who had accepted to be vaccinated at the Department of Infectious Diseases of the Elazig Education and Research Hospital and Firat University, Elazig, Turkey. The vaccine manufacturing firm informed that the vaccines to be used contained 7.5 μg hemagglutinin, 50 μg tiomersal, adjuvant emulsion MF59: 9.75 mg squalene, 1.175 mg polysorbate, and 1.175 mg sorbitan trioleate. The vaccine used through this study was a product from one company (Novartis); its adjuvant was MF59C.1 and its viral strain was an A/California/7/2009 (H1N1) v-like. The participating individuals were given an appetite test (visual analogue scales) before and after the study \[[@CR24]\]. Because ghrelin's production and release are strongly affected by food intake \[[@CR25], [@CR26]\]. All volunteer subjects were healthy individuals without clinical or laboratory signs, symptoms of infectious diseases, or metabolic disorders. They were all non-smokers, had no alcohol consumption, and were not taking hormones, oral contraceptives, or dietary supplements with antioxidants. There were also limitations on the use of antipyretics such as paracetomol/acetaminophen. None of the subjects had diabetes mellitus, rheumatoid arthritis, liver and renal disorders, neoplasia, psychiatric disorders, or pregnancy. Blood samples were taken once from the healthy volunteers. In total, six blood samples of 8 mL were collected from the volunteers who agreed to participate in the vaccination program after an overnight fast, before vaccination, and on days 3 and 15, as well as at 1 and 2 months after the vaccination. From each sample, 4 mL was used in the analysis of biochemical parameters, immunoglobulins and HSP70. The remaining 4 mL was used to analyze peptides' levels. For this, the samples were put into tubes that contained protease inhibitors (500 KIU aprotinin), according to the published and prescribed procedure \[[@CR27], [@CR28]\]. Samples were kept at room temperature for 30 min and centrifuged at 4,000 rpm for 5 min. The sera obtained were then put into Eppendorf tubes and kept at −80 °C until analysis. Sera in which HSP70 was studied were put into Eppendorf tubes without protease inhibitor and stored at −80 °C until analysis.

Biochemical analysis {#Sec3}
--------------------

The concentrations of glucose, aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyltransferase (GGT), total cholesterol, triglyceride, very low density lipoprotein (VLDL)-cholesterol, and high-density lipoprotein (HDL), high-density lipoprotein-cholesterol (HDL-C) were measured by standard methods in a certified laboratory. Low density lipoprotein (LDL), low density lipoprotein-cholesterol (LDL-C) was calculated using the Friedewald equation \[[@CR29]\]. HSP70s values were measured according to the manufacturer's instructions, using the ELISA method (E90873Hu Uscn Life Science Inc.). The detection range was 0.625--40 ng/mL. Serum samples were also assayed for acylated (Cat\# A05106) and desacylated ghrelin (Cat\# A05119) using commercially available ELISA (SPI BIO, Bertin Pharma Biotech, Montigny le Brettoneux, France). The detection limit of the acylated ghrelin ELISA was 0.3 pg/mL, and that of the desacylated ghrelin was 0.2 pg/mL. Immunoglobulins A (IgA); G (IgG); and M (IgM), were determined by a nephelometric method using a Siemens Machine (Model of BN II). The sera to be analyzed were divided into two groups depending on whether or not fever had developed due to the vaccination. Statistical analyses were conducted using SPSS 10.00 package software. The parameters are presented as mean ± standard deviation. Data among groups were compared using the Pearson correlation test. Linear regression analyses were carried out on the mean values using Pearson's test. *P* \< 0.05 was considered statistically significant.

Results {#Sec4}
=======

Of the original vaccinated health workers (*n* = 90), only 24 completed the study, with 11 subjects developing fever \[total subjects with fever (*n*:19)\] and 13 not having fever. The majority of the subjects who dropped out of the study did not develop fever after being vaccinated. On day 3, the swine flu-vaccination-associated fever had disappeared. Body temperatures around 36.5--37 °C were accepted as normal (even for controls), while above 37 °C was considered as development of a fever. Eleven subjects who developed fevers were curious about the results, and all wanted to complete the study. The remainder completed the study even though they showed no vaccination-associated problems. There were also 20 healthy control subjects who had not been vaccinated. Demographic characteristics of the participants showed that there was no statistical difference in BMIs, heights, and ages. None of the participants developed any major clinical symptom during the 2 months after vaccination other than a fever. Table [1](#Tab1){ref-type="table"} shows the biochemical parameters before the study, during the feverish period, and after fever. ALT, AST, and GGT values showed little change, but GGT values were elevated on post-vaccination at days 3 and 15, and at 1 month. These values returned to normal by the 2nd month.Table 1Comparison of biochemical parameters blood taken before and after vaccination at days 3 and 15, and at 1 and 2 months in subjects with and without fever and control (not vaccinated)GroupsGlucose (mg/dL)Triglyceride (mg/dL)Total-C (mg/dL)HDL-C (mg/dL)LDL-C (mg/dL)ALT (U/L)AST (U/L)GGT (U/L)Control (*n*: 20)91.36 ± 2.8398.8 ± 8.6169.0 ± 18.551.9 ± 13.199.2 ± 7.725.5 ± 5.119.6 ± 3.914.5 ± 3.3Subjects without fever (*n*: 13)82.4 ± 10.1100.0 ± 13.4179.1 ± 4.649.1 ± 10.597.3 ± 12.325.0 ± 3.325.6 ± 3.817.8 ± 2.8 Before vaccination  Days   379.6 ± 6.9**\***100.6 ± 13.8152.8 ± 29.2**\***43.4 ± 5.5**\***96.9 ± 10.633.8 ± 3.2**\***32.7 ± 1.3**\***43.0 ± 0.0**\***   1585.4 ± 13.098.4 ± 10.5197.4 ± 5.2**\***43.6 ± 5.7**\***91.7 ± 8.3**\***29.3 ± 3.3**\***28.0 ± 0.017.7 ± 2.3  Months   195.5 ± 2.8100.4 ± 13.7188.7 ± 23.652.4 ± 12.0102.1 ± 9.331.9 ± 2.427.0 ± 0.019.0 ± 3.8   292.1 ± 8.7102.9 ± 12.8180.8 ± 13.852.4 ± 11.396.6 ± 11.023.9 ± 6.9**\***22.9 ± 7.116.6 ± 3.1Subjects with fever (*n*: 11) Before vaccination83.8 ± 11.0120.8 ± 11.7179.4 ± 4.550.6 ± 10.897.9 ± 6.525.3 ± 3.428.1 ± 3.518.5 ± 2.9  Days   378.6 ± 8.0**\***103.1 ± 12.3151.7 ± 29.441.9 ± 6.6102.5 ± 8.732.5 ± 1.8**\***32.7 ± 1.843.0 ± 0.0**\***   1589.1 ± 13.8101.3 ± 11.2193.6 ± 9.9**\***41.5 ± 2.3**\***101.2 ± 7.428.3 ± 2.828.0 ± 0.0**\***18.8 ± 2.9**\***  Months   195.9 ± 3.1109.2 ± 12.8189.6 ± 24.552.8 ± 11.3106.5 ± 12.728.3 ± 2.827.5 ± 2.3**\***19.2 ± 4.3**\***   291.9 ± 10.0100.2 ± 16.4184.3 ± 5.850.5 ± 10.9100.9 ± 15.720.4 ± 4.1**\***21.6 ± 6.715.5 ± 3.4*ALT* alanine aminotransferase, *AST* aspartate aminotransferase, *GGT* gamma glutamyltransferase, *HDL-C* high-density lipoprotein cholesterol, *LDL-C* low-density lipoprotein cholesterol, *Total-C* total cholesterol**\*** * P* \< 0.05 compared with subjects with and without fever and control subjects

The ghrelin values of the blood samples collected before vaccination and control subjects who were not vaccinated were compared with blood samples collected at days 3 and 15 after vaccinations, these handoff subjects were lower. Their ghrelin levels at months 1 and 2 had risen back to basal levels. When ghrelin levels of the subjects who did and did not develop fevers were compared, ghrelin levels in the blood samples of the former were significantly lower. The fever generally returned to normal within 3 days. Ghrelin levels in the samples taken at months 1 and 2 were similar to basal levels and those of the control subjects (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Changes of acylated (**a**) and desacylated (**b**) ghrelin concentrations in the control group and in subjects with and without fever after swine flue vaccinations and with their blood taken before vaccine at days 3 and 15, and at 1 and 2 months. ^a^ *P* \< 0.05 compared to subjects with fever versus without a fever and control subjects

When HSP70 values in samples taken before vaccinations and those of the control subjects who were not vaccinated were compared to those on post-vaccination at days 3 and 15, they were found higher. HSP70 levels in the blood samples taken at 1 and 2 months had fallen back to basal levels. A comparison of the HSP70 levels of the subjects who developed fever were significantly elevated compared to those who had no fever. Again, these serum HSP 70 levels fell back to basal levels by the 1st month (Fig. [2](#Fig2){ref-type="fig"}). When immunoglobulin (IgA, M, and G) levels were compared with basal levels and the levels in the control group, an increase was observed at all other sampling times after 15 days from vaccination (Figs. [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"} and [5](#Fig5){ref-type="fig"}).Fig. 2Changes in HSP70 levels in controls and subjects who developed fever and who did not developed fever after swine flue vaccination, pre-vaccination, and at days 3 and 15, and at 1 and 2 months. ^a^ *P* \< 0.05 compared to subjects with fever versus without fever and controls. ^b^ *P* \< 0.05 compared to subjects with fever versus without fever Fig. 3Changes in immunglobulin A levels in controls and subjects who developed fever or did not develop fever after vaccination, pre-vaccination, and at days 3 and 15, and at 1 and 2 months. ^a^ *P* \< 0.05 compared to subjects with fever versus without fever and control subjects Fig. 4Changes of immunglobulin M concentrations in controls and subjects who developed fever and did not develop fever after vaccination, pre-vaccination, and at days 3 and 15, and at 1 and 2 months. ^a^ *P* \< 0.05 compared to subjects with fever versus without fever and control subjects Fig. 5Changes of immunglobulin G concentrations in controls and subjects who developed fever and did not develop fever after vaccination, pre-vaccination, and at days 3 and 15, and at 1 and 2 months. ^a^ *P* \< 0.05 compared to subjects with fever versus without fever and control subjects

Discussion {#Sec5}
==========

As with most natural infections, vaccinations result in the development of both humoral and cellular immunity and interferon production. Blood and nasal secretions analyzed during 12--15 days after vaccination contain immunoglobulin (Ig) G, IgM, and IgA classes of antibodies \[[@CR14]--[@CR30]\]. While IgM and IgA antibodies disappear in a few years, IgG antibodies can last for a lifetime \[[@CR31]--[@CR33]\]. Serum IgM, IgA, and IgG levels following H1N1 vaccinations were found in our investigation to have increased significantly at day 15, and at 1 and 2 months, in comparison with IgM, IgA, and IgG antibody values before vaccination and at 3 days after vaccination. Time-dependent serum levels of IgM, IgA, and IgG levels in the group that developed fever were no different from those of the control or pre-vaccination values. Lu et al. \[[@CR31]\] reported that systemic immunization with respiratory syndrome coronavirus (SARS-CoV) virus-like particles (VLPs) increased immunoglobulins, which may play an important role in protecting against viral infections*.* A time-dependent increase in the serum levels of IgM, IgA, and IgG antibodies after vaccination may occur via B-cell activation following swine flu vaccinations, and therefore play an important role in clinical evaluation and follow-up.

Also measured were the serum acylated and desacylated ghrelins' serum values before and after vaccination in the subjects whose body temperature rose above 37 °C, as well as those values in subjects whose body temperature were at or below 37 °C, and then all were compared with the control group. A decrease in these levels occurred, while HSP70 levels at these times increased. The decrease in ghrelin levels after the H1N1 vaccine may have resulted from the vaccine causing extreme stress in the body, with ghrelins being used up by scavenging free radicals (ghrelin is a natural endogenous antioxidant in the body) \[[@CR34]\]. This is supported by serum ghrelin levels in control, pre-vaccination, and post-vaccination (at 15 days, and at 1 and 2 months) samples. These levels were first elevated and then restored to pre-vaccination levels. The significant decrease in ghrelin levels in association with fever is consistent with the results obtained by Tomasik et al. \[[@CR20]\], who kept their subjects of environments in varying temperatures, and it was found to have increased that temperature, resulting in decreased ghrelin levels. Exogenous various hormones and drugs also affect ghrelin concentrations. Insulin \[[@CR35]\], either oral or intravenous glucose \[[@CR36]\], somatostatin, and cortistatin \[[@CR37]\] suppress circulated ghrelin concentrations. These findings showed that serum ghrelin levels can be changed by cold and hot stresses, various hormones, and drugs \[[@CR20]\]. Ghrelin levels also decrease in patients receiving interferon therapy \[[@CR38]\], which means any foreign substance injected to the body (e.g., a vaccine) either directly suppresses ghrelin synthesis in the appropriate organs or ghrelin is metabolically used to eliminate the stress caused by the foreign substance. Ghrelin expression is inhibited by interferon gama \[[@CR39]\]. Elevated HSP70 in the serum of patients who had developed fever associated with vaccinations may have arisen from HSP70 production in the body caused by the fever. There are numerous studies demonstrating that HSP70 increased even with the slightest increase in temperature, the manner in which the body normally reacts to fever \[[@CR15], [@CR17], [@CR19]\]. This argument is supported by the fact that HSP70 expressions rose in feverish patients, whereas the pre-and post-vaccination values in the patients who did not develop fever remained the same.

The evaluated results should be considered to have a few limitations as follows: (1) persons who decline vaccination may differ in unmeasured ways from those who accept vaccination. (2) People do not usually fast overnight before vaccination. (3) 66/90 (73.33 %) subjects dropped out from the vaccinated arm of the study. (4) Very low thresholds used for fever: 37 °C which is "average" normal temperature. (5) It is not known whether differently formulated vaccines have yielded different results. (6) It is not known whether the receipt of seasonal influenza vaccines, regardless of adjuvanted or unadjuvanted caused similar phenomena in vaccines. (7) It is not known whether adjuvant (MF59C.1) itself contributes to decreases in ghrelins and increases in HSP70 levels. (8) Finally, it is not known whether the observed fever could be associated to the increase in total antibodies, leading to a high reactogenicity or other side-effects.

In conclusion, the increase in serum levels of IgM, IgA, IgG seen in patients after vaccination relative to their levels before the swine flu vaccinations and those in the controls indicated that the vaccination stimulates the humoral immune system. Serum HSP70 significantly increased in the patients who developed fever after being vaccinated. Serum ghrelin levels fell significantly until the first month post-vaccination sample. The decrease in serum ghrelin levels was more marked in the patients who developed fever, with the levels falling back after the fever disappeared than those seen in patients who did not develop a fever. The results indicate that the increase in serum levels IgM, IgA, and IgG levels, elevation of HSP70 associated with fever, and reduced ghrelin levels can be important parameters in the clinical evaluation and follow-up of vaccinations. These findings could also be used in clinical or preclinical trials to develop vaccines that are less likely to induce fever, and also provide some information as to whether the rather intensive blood-drawing schedule would seem to rule out any use in "routine" practice of vaccination.
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